LBRAPY
TECHIIC L AF,CRT MBOTAM

:t‘cnumr, oY -n%
y VAL POSTGRADUKTE

RAVAL FOSTGRALVUATE BCIAOD

WOSTEREY, CALPOMGA 0088 MONTEREY, CALIMNIL

Lo

TASK INVENTORY CONSTRUCTION /D o2

i

Akemi Kishi

_Technical _liéport No=-14 .

EVALUATION OF THE MARINE CORPS
TASK ANALYSIS PROGRAM

A Research Project Supported By
Commandant of the Marine Corps (Code RD)
And Monitored By
Personnel and Training Research Programs
Psychological Sciences Division
Office of Naval Research
Contract No. N0O0O14-74-A-0436-0001
NR 151-370

Approved for public release; distribution unlimited.

Reproduction in whole or in part is permitted for
any purpose of the United States Government.

California State University, Los Angeles ,
v June 1976



RESEARCH STAFF

PRINCIPAL INVESTIGATOR

C. Harold Stone, Ph.D., Graduate School Lecturer,
and Director, Veterans Counseling Center

SENIOR RESEARCH ASSOCIATE
pale Yoder, Ph.D., Emeritus Professor, Graduate
School of Business, Stanford University;
Emeritus Professor, School of Business

Administration, california State University,
Long Beach

FACULTY
John M, Hemphill, Jr., D.B.A., Associate Professor
and Director, Bureau of Business and Economic
Research

Donald G. Malcolm, M.S., Dean, School of Business
and Economics and Professor of Management

Paul V. Washburn, Ph.D., Assistant Professor
of Management

CONSULTANTS

Phillip J. Hanson, B.S., Director, Boise Center
for Urban Research, Boise State University

Arthur H., Kuriloff, MBA, Lecturer, Graduate
School of Management, University of California,
Los Angeles
RESEARCH ASSOCIATES
William T. Farrell, Ph.D. Candidate, UCLA
Peggy A. Judd, MBA, CSUIA

Akemi Kishi, B.A., MBA, CSUIA



UNCLASS IFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
. REPORYT NUMBER 2. GOVY ACCESSION NO.J 3. RECIPIENT'S CATALOG NUMBER
Technical Report No. 14
4. TITLE (and Subtitle} S. TYPE OF REPORYT & PERIOD COVERED

Technical Report and
Training Manual
6. PERFORMING ORG. REPORT NUMBER

Tashatsal-Berest et ——
7. AUTHOR(s) 8. CONTRA OR N (9)

Task Inventory Construction

Akemi Kishi NOOQ14-74-A-0436-0001
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
California State University, Los Angeles Foundatibn ehac Tkl g U
5151 State University Drive if g;lgzg'ozrgg’ RR 042-04
Los Angeles, Calif. 90032 NR 151-370
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Personnel and Training Research Programs June, 1976
Office of Naval Research (Code 458) 13. NUMBER OF PAGES
Arlington, Virginia 131
4. MONITORING AGENCY NAME & ADORESS(/f different from Controliing Office) 18. SECURITY CLASS. (of thie report)
Unclassified
1Sa. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)
Approved for public release; distribution unlimited. Reproduction in whole
or in part is permitted for any purpose of the United States Government.

17. DISTRIBUTION STATEMENT (of the ebetract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES
This research was sponsored jointly by the Commandant ‘of the Marine''- _
Corps (Code RD) and the Office of Naval Research.

19. KEY WORDS (Continue on reveree side I/ neceesary and identify by block number)

Task Inventory Construction Readability of Questionnaires
Inventory Item Sequencing Measures of Readability
Inventory length Activity Verbs

Anonymous vs., Identified Responses

20. ABSTRACT (Continue on reveree eide {f neceseary and identify by block number)
This technical report is designed to aid in the construction of effective task

analysis inventories. The objectives of the research conducted here were to
determine an optimum questionnaire size that would adequately cover the tasks
without unduly fatiguing the Marine respondents; to develop procedures for

the phrasing of task statements to avoid ambiguities and be understandable to
as broad a range of Marines as is possible with a paper and pencil inventory;
and to develop recommendations for inventory design and format. The result of
studies of task inventory size (some Marine Corps inventories have contained

DD ,"S™™, 1473 eoirion oF 1 Nov 68 1s OBsOLETE UNCLASS IFIED

JAN T3
S/N 0102-LF 014.6601

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)



UNCIASS IFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

as many as 1,000 items) is a recommendation that OMU experiment with a "mini-
booklet" format that would substantially reduce the number of items to which
an individual Marine would be required to respond. An experimental design is
given for dividing a lengthy task inventory into a series of shorter in-
ventories. There is sufficient.overlap of task statements in each small
questionnaire booklet to provide adequate samples of response to each item.
Major attention is given to the wording of task statements and task inventory
instructions. Data are presented from the application of six measures of
readability to nine task inventories. Reading comprehension levels of
Marines at three Marine Corps bases are described and are compared with the
comprehension levels required to understand task statements and instructions
in task inventories. Guidelines for wording of task inventory items to
improve understanding are provided. Methods for measuring readability are
outlined. OMU has traditionally used a two-booklet format for its task
inventories with one booklet containing the task statement and the other
being the answer booklet. Research resulted in a single task inventory
booklet that includes response categories to questions and task statements on
the same page and immediately folowing the items. Transfer of responses to
computer storage is accomplished by the key-to-disk method. Also discussed
are studies of the effects of anonymous versus identified responses to task
inventories.

UNCLASS IFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)




SUMMARY

This technical report is designed to aid in the construction of
effective task analysis inventories. The objectives of the research
conducted were to determine an optimum questionnaire size that would
adequately cover the tasks without unduly fatiguing the Marine re-
spondents; to develop procedures for the phrasing of task statements
to avoid ambiguities and be understandable to as broad a range of
Marines as is possible with a paper and pencil inventory; and to
develop recommendations for inventory design and format.

The result of studies of task inventory size (some Marine Corps
inventories have contained as many as 1,000 items) is a recommendation
that OMU experiment with a "mini-booklet" format that would substan-
tially reduce the number of items to which an individual Marine would
be required to respond. An experimental design is given for dividing
a lengthy task inventory into a series of shorter inventories. There
is overlap of task statements in each small questionnaire booklet to
provide adequate samples of response to each item,

Major attention is given to the wording of task statements and
task inventory instructions, Data are presented from the application
of six measures of readability to nine task inventories. Reading
comprehension levels of Marines at three Marine Corps bases are de-
scribed and are compared with the comprehension levels required to
understand task statements and instructions in task inventories.
Guidelines for wording of task inventory items to improve under-
standing are provided. Methods for measuring readability are outlined.

OMU has traditionally used a two-booklet format for its task
inventories, with one booklet containing the task statement and the
other being the answer booklet. Research resulted in a single task
inventory booklet that includes response categories to questions and
task statements on the same page and irmmediately folowing the items,.
Transfer of responses to computer storage is accomplished by the
key-to-disk method.

Also discussed are studies of the effects of anonymous versus
identified responses to task inventories.
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INTRODUCTION

Task Inventory Construction 1is one of eight research areas requested

by the U. S. Marine Corps for study and review by the research staff at
California State University, Los Angeles. From their first preview and
briefing on the OMU Task Analysis Program, members of the research staff
expressed concern about the procedures used to generate basic data on what
Marines actually do in the performance of assigned duties or jobs. Research
staff members questioned the reliability of and dependability of information
secured through administration of the traditional task inventories to Marine

Corps job incumbents.

Studies of the task inventory construction methods used by the staff of
the Office of Manpower Utilization HQMC (OMU) suggested that there might be a
number of problem areas in the existing procedures. Some of the apparent
problem areas identified were:
1. The procedure used in collection of information about tasks on which
inventory statements were based.
2. The format of task inventory booklets.
3. Sequencing of task inventory statements in these booklets.
4, Effect of booklet length on the reliability and validity of responses.
5. Effect of the identification of individual Marine respondents on the
validity of certain categories of responses.
6. Reading levels of Marines as compared to readability levels of task

inventories.



7. Attitudes of Marines towards task inventory questionnaires.

To examine and evaluate these problem areas, the research staff used a
variety of research approaches, including a study of current Marine Corps
Task Analysis procedures, the administration of reading ability tests to
samples of Marines, analysis of readability of Task Inventories, a review
of the literature of Task Inventory Construction and readability measures,

and the relevance of several statistical procedures.

This report outlines staff experience in following these approaches.
Chapter II defines terms and states major hypotheses. Chapter III discusses
the setting, background and rationale behind these studies. Chapter IV focuses
attention on the mechanics of task inventory construction--the steps taken
in preparing each inventory. Chapter V reports our search for significant
data and findings with respect to the format of task inventory booklets, the
possible influence of personal identification of Marine respondents, the
relevance of booklet length, and the implications of readability as a factor in
the quality of information provided by the traditional procedure. Chapter VI

summarizes findings and conclusions.
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TASK INVENTORY CONSTRUCTION AND TASK ANALYSIS

A. AREAS OF RESEARCH ASSIGNED TO ONR-USMC RESEARCH STAFF
AT CALIFORNIA STATE UNIVERSITY, LOS ANGELES,

In its studies of the Marine Corps Task Analysis Program, the research
staff at California State University, Los Angeles and the HQMC Study Advisory
Committee for evaluation of the Marine Corps Task Analysis Program agreed upon
eight primary research areas for study, these are:

Research Area 1. Task Analysis Observation and Interview Procedures

Research Area 2. Task Inventory Construction

Research Area 3. Occupational Field Sample Size

Research Area 4. Computer Procedures and Data Analysis

Research Area 5. OMU Organization and Personnel

Research Area 6. Orientation, Training and Team Performance

Research Area 7. Peace Time Task Analysis and Its Relation to War

Time Conditions

Research Area 8. Worker Characteristics.

This report is concerned with Research Area 2 - Task Inventory
Construction. The results of studies in the other research areas are reported

in separate technical reports.

B. TASK INVENTORY DEFINED.

Task Inventories are questionnaires consisting of a comprehensive set of

specific statements of tasks performed by Marines in & given Occupational Field
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(OP) as well as questions designed to secure from each responding Marine the
following information:
1. What the Marine really does.
2. Why the Marine does {t.
3. How the Marine does it.
4. At what skill level (learner, worker, first-line supervisor, or

staff supervisor) the Marine performs.

Each questionnaire is usually divided into three parts:

Part 1 is designed to acquire standard demographic information from the
responding Marine as well as to define further the Marine's job-related
and military background.

Part II contains the list of task statements.

Part 1I1 contains a series of job satisfaction questions.

Each Task Inventory Questionnaire applies to an entire Occupational
Field (OF) and therefore must cover all Military Occupational Specialties (MOS)
encompassed within that field. The recommended range for the number of
items or questions used is from 200 to 1,000, with a maximum of 2,000 {items
permitted by constraints within the computer program used for processing the
questionnaire responses. The primary subject matter of a Task Inventory
Questionnaire is the assignment to an Occupational Field; The Occupational
Field is divided into Military Occupational Specialties. Each Military
Occupational Specialty is divided into duties, and each duty is composed of
individual tasks. Normally, the individual task is the smallest subdivision

identified.






IIX

BACKGROUND, SCOPE, AND METHODOLOGIES USED

A . BACKGROUND.

Task inventory construction is a major part of the Marine Corps
Task Analysis Program (MCTAP) which was initiated in 1969. The MCTAP is a
responsibility assigned to the Office of Manpower Utilization, Headquarters,
Marine Corps.

Task inventory construction is phase 3 of a seven step procedure applied
to each OF under study. These steps are:

1. Study phase.

2, Observation and interview phase.

3. Task inventory comstruction phase.

4, Inventory administration phase.

5. Processing phase.

6. Analysis phase.

7. Final report phase.

The task inventory is a questionnaire covering tasks at all levels of
proficiency as well as questions about incumbent experience and training. The
initial questionnaire is developed during the study phase. This initial question-
naire is then augmented by questions derived during the observation and inter-
view phase. The task inventory construction phase is then used to rework
and refine the questionnaire so that it will have maximum effectiveness in
eliciting accurate and useful responses from the Marine respondents in the OF.

Questionnaire responses are then subjected to analysis by computer. This

analysis reveals variations in job duties and performance that can lead to
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improvements in OF classification, assigmment, training, grade and MOS

structure, job requirements, and job specifications.

B. SCOPE.

The specific objectives of this study were to determine an optimum
inventory size that would have equal or greater effectiveness than previous
inventories, and to develop procedures for the phrasing of task statements
to avoid ambiguities and be understandable to as broad a range of Marines
as is possible with such a paper and pencil instrument. A related objective
was to develop recommendations for inventory design and format.

Since the task inventory questionnaire is one of the most critical tools
of the task analysis (TA) operation, these instruments - and the process by
which they are developed - attracted immediate interest and concern on the
part of research staff members. Examination of these questionnaires raised
such questions as:

1. Are the task inventories designed and adequately tested to ensure

that they can and do provide accurate, dependable data about what
Marines actually do in the performance of their assignments?

2. 1Is the readability level of the materials in the inventories pro-
perly matched to the reading capabilities of those who are expected
to respond to them?

3. Are inventories designed and presented in a form that will gain
and hold the interest, attention, and cooperation of those who are
asked to complete them?

4., Are the task inventories too long and time-consuming? What is an
optimum length?

It is apparent that the credibility, dependability, and usefulness of
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TA reports and recommendations are directly affected by the quality of
information derived from the administration of task inventory questionnaires.
Thus, answers to the above questions are critical to the significance and
effectiveness of the entire TA program. For that reason, they became one

of the eight major Research Areas in our study.

C. METHODOLOGIES USED.

Approaches used in this research were many and varied. As a preliminary
phase in the evaluative study of the TA program of OMU, our research staff
members received a series of briefings on OMU practices and experience.

These reviews were supplemented by direct observation of the TA operation in
progress, with ample opportunity to examine and discuss the forms, instruments,
and devices OMU has developed and used in various phases and stages of the
program., Among materials examined were service school training manuals,

task inventory booklets, computer programs, and interim and final reports

of completed TA studies.

For purposes of the research area of task inventory construction, staff
members observed directly the first four phases of several ongoing TA programs:
the study phase, observation and interviewing, task inventory construction,
and inventory administration. During these observations, data were collected,
and selected portions of these data were subsequently subjected to critical
statistical analysis.

Research staff members made an exhaustive study of the literature con-
cerning questionnaire construction, format, question phrasing, word-list
utilization, etc. An especially intensive study was made of the methodologies
used in measuring readability levels of questionnaires. Special attention

was directed to practices which appeared to be effective when used in a
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civilian environment and might be similarly effective when applied to

OMU's analysis of task inventories.
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TASK INVENTORY CONSTRUCTION - GENERAL CONCEPTS

A, THE NATURE OF INVENTORY STATEMENTS,

The philosophy of the task analysis process proposes to include as
many tasks as possible in each individual inventory. The recommended number
of statements ranges from a minimum of 200 to a maximum of 1,000, with an
absolute maximum of 2,000, which is determined by the number of task statements
that the computer can manipulate.

To date, inventory questionnaires have been constructed in a six-phase
sequence, namely, pre-study, initial task 1ist development, initial task list
review during observation-interview, task inventory preparation, technical
review of contents, and in-house technical review for format.

Pre-study. The first phase is to gather background data from several
sources: (1) cognizant agencies at HQMC are interviewed concerning the
OF under review; (2) resulting ideas and suggestions concerning the OF are
collected and reviewed; (3) an interim evaluation is conducted to ascertain
whether the study should proceed.

Initial Task List Development. An initial list of tasks is developed

using such sources as (1) a review of the literature pertaining to the OF,
(2) 1input from OF specialists, (3) input from MOS specialists, and (4) input
from other appropriate technical experts.

Initial Task Review List. Through observation and interview of Marine

billet incumbents, the initial task list is augmented and tentatively validated.
Each statement is reviewed by the incumbents for clarity and accuracy.

Task Inventory Construction. Task analysts and task inventory construc-

tion specialists then convert the augmented task list into a full-scale task

inventory questionnaire.

10
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Technical Review of Content. Technical advisors again review the

statements for completeness and validity. They then review the questionnaire
to make sure that it achieves the prime objective of discriminating among
job types, skill levels, and other categories of OF-members.

In-House Technical Review. A final review is made by task analysis

personnel to ensure that the questionnaire meets all of the specified format

criteria.

B. INVENTORY DESIGN AND FORMAT.

The inventories presently in use include sections on: (1) background
information; (2) general inquiries; (3) duties and tasks, and (4) job
satisfaction. Sections (1) and (4) contain questions which are similar in
all studies and are designed to obtain specific demographic and job satisfac-
tion information, respectively.

Background Information. The section on background information consists

of questions pertaining to: (1) i{dentification, such as pay grade, primary

and other MOS's, and sex; (2) job location, such as type command, reporting

unit code, and geographic area; and (3) experience and other job related
information, such as time in current assignment, primary MOS, and active

service; number of subordinates supervised; highest educational level com-

pleted; reenlistment plans; job interest; and utilization of talents and training.

General Inquiries. The section on general inquiries consists of questions

to ascertain (1) the Marine's participation in off-duty college coursework;
(2) his participation in professional service schools and in professional
service correspondence courses; and (3) various questions about his job

requirements.
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Duties and Tasks. This section is designed to obtain specific infor-

mation as to time spent on the various duties and tasks identified during

the five-phase inventory construction process. Each question in this section
pertains to a specific duty or task which may be or should be performed by
the Marine occupying a given billet.

Unlike the background and job satisfaction sections, the part dealing
with duties and tasks is unique to each inventory, and this section is pre-
pared from data obtained in the Study Phase and the Observation and Interview
(0&I) Phase. It is from the final data gathered during the O&I that task
statements are prepared. Precise methods of developing task statement items
have been largely determined by- the individual teams responsible for each
OF under study.

The Observation and Interview phase is described in "A Synopsis of the
U.S. Marine Corps Task Analysis Program', as follows: '"After preliminary
investigation is conducted in the Study Phase, analysts then travel to selected
Marine Corps commands to observe and interview Marines working in the field
of study, in the actual performance of their jobs. All pay grades in each
billet and MOS of the OF are interviewed so that the total spectrum of the
field's work is represented. Work data are broken down into four categories:
Jobs, Duties, Tasks, and Elements. For example: Job-Automotive Mechanic;
Duties - Tune Engine; adjust brakes, repair exhaust systems, etc. Tasks
(of tune engine only) - Change points, change plugs, adjust carburetor, etc.
Elements (adjust carburetor only) - Adjust mixture, adjust idle, change filter,

etc." 1

1. "A Synopsis of the U.S. Marine Corps Task Analysis Program'", Hdqtrs.,
USMC, OMU (Code MPU), MCB, Quantico, VA., February, 1974.
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As a result of the early findings in our research, OMU task analysts
undertook an experiment to try to save time in the preparation of inven-
tory statements. This new approach has been called the "Document Research”
method. It entails the preliminary creation of a list of task statements
based upon a study of documents, school programs of instruction, and other
U.S. Armed Forces task inventories pertinent to the field under study.
After a list of task statements has been compiled and refined, it is re-
viewed by senior enlisted men in the OF under study, and finally by task
analysts from OMU and by technical advisors from the OF, -Suggested changes,
recommendations, additions, or deletions are evaluated,and appropriate
modifications are incorporated into a preliminary task inwventory.

As a means of testing this method, a second task inventory was con-
structed concurrently by a second TA team using the traditional O&I method.
When both task inventories were completed, a meeting of the two TA teams was
held to reconcile differences between the two inventories and to create a
single final form, The resulting inventory contained only about 100 more
task statements than did the version resulting from the document research
method. The conclusion is that a more thorough review, during the Study
Phase, of training manuals and other documents describing OF tasks, when
followed by interviews and reviews with "experts" of preliminary task
statements, speeds up the process of developing task statements for inven-
tories and promises to reduce time and costs in the 0&I Phase.

Job Satisfaction/Dissatisfaction. The final section of the inventory

contains questions designed to discover the degrees of respondent satisfaction
with the job, .such as pride in being a Marine, relationships with his boss,

job utilization of talents, how he thinks other people regard his job, etc.
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C. SEQUENCING THE TASK INVENTORY STATEMENTS.

Step one in the inventory development phase is to determine what
actual tasks are to be included in the inventory. The next step is to
arrange the tasks into some orderly and rational sequence. in the past,
the sequencing of the items was left up to each individual TA team. Methods
varied; items were arranged by (1) complete randomization, (2) organization
by duty areas, and (3) an alphabetical listing of tasks.

The randomized arrangement is presumably the simplest sequencing form
to achieve, since the statements can be left in the sequence in which they
were gathered, or each statement may be assigned a number and the sequence
ordered by use of a table of random digits.

A combination of methods (2) and (3) has also been used. In order to
develop an inventory that is easily comprehensible to the reader and that

also prevents response bias, an arrangement of task items alphabetically

under duty areas is believed to be effective in facilitating accurate responses.

This form of organization is used by the United States Air Force in its
Task Analysis inventories. Statements are assigned to '"an outline of duties
which are mutually exclusive and equally general in coverage, and each duty
may first be broken into a few broad and mutually exclusive activity state-
ments or subheadings which completely cover the duty."2 This method is
flexible in that more specific items can be included if the duty area encom-
passes more task items.

Another method of sequencing task items has been suggested for experi-
mental administration by our research staff members who studied this question.

This approach requires definition of criteria by which statements will be

2. Archer, Wayne B, and Fruchter, Dorothy A., THE CONSTRUCTION, REVIEW,
AND ADMINISTRATION OF AIR FORCE JOB INVENTORIES, Technical Documentary
Report PRL-TDR-63-21, August, 1973.
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ordered. The analyst determines whether the OF under study is a hardware

field or software field and if so, whether it includes highly specialized

duty areas or more generalized duty areas.

The table below illustrates how the components determine task item

arrangement:
Hardware Software
By Equipment By Duty Area
Spacialized By Objective By Objective
Generalized By Equipment By Duty Area

In an occupational field such as Avionics (hardware, specialized)
the resultant structure might appear as follows:
Black Box AM--XX (Equipment)
Maintenance (Objective)
Task 1
Task 2
Task N
Repair (Objective)
Task 1
Task 2
Task N
etc.
Within each subgroup, task statements are randomized to avoid alpha-
betical response bias.
Objectives can be explicit or implicit, depending upon what is determined

during the O&1 phase with respect to the degree to which similar tasks are
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performed by different kinds of incumbents for different objectives.

Operationalizing such a structure requires much effort and attention
to detail on the part of task analysts. A complex occupational field may
include all four classifications.

Because time has not permitted careful testing of this suggested
arrangement, and in view of its requirements of effort and attention noted
above, no specific recommendation for changing sequencing procedure is pro-
posed here, but further attention is given to the problem in the chapter that

follows.



TESTING THE MAJOR AND MINOR HYPOTHESES

In Chapter I, seven problem areas were described. Hypotheses con-
cerning these problem areas were formulated. Extensive research was conducted
into the subject matter of these hypotheses, data were collected and analyzed,
and conclusions were drawn. During this process, other minor hypotheses
were developed, and questions were raised which required answers. This
chapter describes the research performed, the tests conducted, the conclusions
drawn, and the recommendations to be made.

A. THE TWO-BOOKLET QUESTION AND ANSWER FORMAT VS. THE ONE-BOOKLET FORMAT
AND OTHER FORMAT RELATED CONSIDERATIONS,

1. The Major Format Hypothesis. The first principal hypothesis to be

formulated was: The two-booklet form of the questionnaire, one booklet for
questions and one for answers, tends to encourage unreliable responses from
the Marines being interviewed.

2. The Two-Booklet Format. As described in the preceding chapter,

vhen the study commenced, OMU was using a two-booklet format. One booklet
contained a set of instructions, a section on background informstion about
respondents, a set of task statements, and a job satisfaction questionnaire.
A second booklet contained spaces for recording answers. This second booklet
utilized Farrington 3030 forms which are designed to be read directly into

a computer by means of an optical scanning device. In use, the two-booklet
format required the Marine respondent to go back and forth between the two
booklets in order to record his response to each item.

17
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Difficulties Observed. Early in the research project, research staff

members became aware that the two-booklet format combined with the op-
tical scanning reading device created two major difficulties. First,
since the optical scanning device reads marks as responses, accidental,
unintended marks in the answer booklet could cause erroneous answers to
be recorded. In the process of moving back and forth between the two
booklets the Marine respondents tended to make many misleading marks.

As a result, a considerable amount of time had to be spent by team mem-
bers in erasing these random marks in the booklets in order to avoid
creating errors in the scanning process., This was a slow, tedious, and
expensive task. Second, both our staff members and OMU were in agreement
that the two-booklet system was one that could be easily confusing to
some Marines, frustrating and irrjitating to most of them and fatiguing
to many of them., These factors plus the need to keep going back and
forth between two booklets could lead to an unacceptably high number of
errors in recording responses and could therefore reduce the reliability

of inventory results below acceptable levels.

Research Performed. Because of our early concern about these potential

difficulties in using the two-booklet format, research staff members de-
cided to undertake and carefully observe such an administration using
the separate task inventory booklets and the separate answer booklets.
This experience reinforced our earlier concerns about the cumbersome
nature of this procedure. We informed OMU staff members of these con-
cerns. OMU agreed with our observations and immediately proceeded to
search for alternative methods of recording responses to task inventory

items. OMU's willingness to undertake this investigation was gratefully
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appreciated by the research staff, and we wish to acknowledge that all
subsequent research on this question was performed by OMU.

Among the alternatives proposed, one method appeared to be promising.
This involved the acquisition of a Westinghouse recording system. In the
Westinghouse system, the Westinghouse W2300 forms would replace the
Farrington 3030 forms. It was proposed that the W2300 forms be combined
with the task inventory statements in one booklet. This proposal was
recommended by the Director, Manpower Plans & Policy Decisions, in his
letter of 13 December, 1974, to the Director, Information Systems Support
and Management Division. At that time, we supported the proposal on the
basis of (1) the possible cost savings that should result, and (2) the
important improvements in quality of data and in the value, reliability,
and credibility of the entire Task Analysis Program.

OMU, however, because the high capital investment in new scanning
equipment required by the Westinghouse system was incompatible with
then current Marine Corps efforts to reduce costs, decided to investigate
other available methods. To that end, the possible adaptation of the
Air Force Task Inventory answer sheet was reviewed. The Air Force
offered its assistance in "reading" the answer sheets at Lackland AFB
with its OCR system. However, factors and costs suggested that other
alternatives be reviewed before a final decision was made.

The Final Decision. The result of these studies was preparation of

a single task inventory booklet that includes both questions and task
statements and responses on the same page immediately following the items.

It is designed for direct key-to-disk transfer of the responses that are

pre-coded on each page.
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Conclusions and Recommendations. The hypothesis that the two-booklet

format tended to produce unreliable responses was supported and a one
booklet format was developed and adopted.

Initial task inventories that have been prepared for evaluation
in this manner have produced satisfying results. Basic processing costs
appear to be about the same as the older system, but considerable staff
time has been saved by elimination of the answer booklets that required
cleaning up in preparation for the former scanning process. The new
format appears to be less prone to response errors than the old answer
sheets, and the separate answer booklets used previously. It also appears
that chances for error in the process of transferring responses from
booklets to computer tape have been reduced.

3. Acknowledgement to OMU. Throughout the study of task inventory

formats, OMU took the initiative in experimenting with alternatives
and evaluating cost-benefits, reliability, and practicality of different
systems, Members of the OMU staff not only deserve recognition for these
efforts, but they must also be given credit for the development of the
new format and scoring system, and for conducting experiments that have
demonstrated the superiority of the new method.

As a result, an interesting sidelight is that recommendations have
been made and methodologies have been developed and implemented prior
to the completion of our research and prior to the filing of our final
report. This is in contrast to the usual procedure in which sponsors

await the filing of a final report before considering recommendations

or making changes.
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4, Other Format and Related Hypotheses. During our research we

developed two significant hypotheses with respect to format and with
respect to the methodology to be used in the gathering and formulation
of task inventory statements. These hypotheses were tested, conclusions
were drawn, and recommendations prepared.

a. Task Inventory Statement Sequencing Methodology.

Hypothesis: The method of sequencing task statements in
the inventory can influence the validity of responses.
Research performed by our staff indicates that this hypothesis
is true. A number of sequencing methods was investigated and a new
method was developed based upon a definition of criteria by which the
statements will be ordered. A discussion of this method is included in

the preceding Chapter IV, Section C., Sequencing the Task Inventory Statements.

b. The "Document Research' Method of Task Inventory Statement

Collection.
Hypothesis: The new "Document Research'" method of task
inventory statement collection is efficient, effective, and
less costly than is the O&I method.
Research performed by our staff indicates that this hypothesis
is also true. The "Document Research" method is described in detail in

Chapter 1V, Section B., Inventory Design and Format, This is another example

in which OMU adopted and implemented a recommendation prior to the filing

of the final report.
B. IDENTIFICATION VS, ANONYMITY OF RESPONDENTS.

A second principal hypothesis to be tested held that: Identification

of respondents tends to make their responses to the job satisfaction questionnaire

less reliable.
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Part IV of the task inventory questionnaire consists of 28 questions
(see Table 1) designed to discover from the Marine respondent his satisfaction/
dissatisfaction with his job enviromment. It has been the practice of the
Marine Corps to require the respondent to identify himself 16 Part I of the
questionnaire. Since a number of the questions in Part IV express the respon-
dent's attitude towards his superiors and co-workers, research staff members
were of the opinion that the above hypothesis should be tested by comparing
responses to the job satisfaction/dissatisfaction questions for anonymous
and identified subjects. Of the 28 questions, numbers 1, 3, 4, 7, 11, 14,

16, 18, 20, 23, and 26 had some relationship to superiors and co-workers,
with qQuestions 4, 18, 20, and 26 involving direct references. It is clear
that support of the hypothesis would require a significant statistical
difference in the replies to questions 4, 18, 20, and 26 by members of the
anonymous and {dentified groups.

In administering the task analysis questionnaire for OF 46 (Photography),
Marines in one sample were asked to complete the identifying information
called for on the task inventory questionnaire. Marines in the other sample
omitted such data, The results are shown in Table 2. Statistical tests of
the significance of differences between the two groups showed responses
to only four of the 28 items (items 1, 5, 24, and 26) to be significant at
the .05 confidence level. Surprisingly, none of these four items ig among
those we hypothesized would be most sensitive to bias with respondent iden-
tification. Our conclusion from this study is that, in the Marine Corps

setting, only minimal and generally non-significant differences result from

identified respondents to task inventories as compared with anonymous respon-

ses, The Air Force came to this conclusion some time ago in its task analysis
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TABLE 1

Job Satisfaction/Dissatisfaction Questionnaire

Source: Part IV, Task Analysis Inventory, OF 46 (Photography)
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19,
20.
21.
22,
23.
24,
25.
26.
27.
28.

Being treated fairly.

Doing interesting work.

Being respected by other Marines.
Having a supervisor who cares about your problems.
Being at a duty station you like,.

Being well paid.

Feeling that you are trusted.

Knowing you are doing an important job.
Being proud of what you accomplish.
Good living conditions.

Getting the recognition you deserve.
Seeing yourself become more proficient.
Having a job that lets you lead a satisfying personal life.
Good working conditions.

Being respected by civilians.

Being kept informed.

Ability to act on your own initiative.
Having competent leaders.

Being of service to others.

Having dependable co-workers.
Opportunity for promotion.

Opportunity to do primary job.

Being with people you like.

Being well-trained for your job.
Opportunity to prove yourself.

Seeing the results of your work.

Your present job (overall).

The Marine Corps (overall).
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studies, and it continues to require identification of respondents on

task inventories.
C. LONG VS. SHORT TASK INVENTORIES.

1. Using the Traditional Full-Length Inventory Booklet. The third

principal hypothesis to be tested holds that: Lengthy task inventory

questionnaires tend to result in unwarranted fatigue in the Marine respon-
dent giv;ng rise to the potential for unreliable responses.

In its TA study of an OF, OMU strives to include every essential task
in its task inventory for that field. As noted, this has resulted in question-
naires of as many as 1,000 items, requiring as much as three to four hours
for completion by Marine respondents. A review of the literature indicates
that questionnaires requiring more than from one-half hour to one hour for
completion result in less reliable data than shorter inventories. = It is
contended that longer questionnaires lead to fatigue, diminished interest in
completing the task, and probabilities of reduced reliabilities. Reviews of
the experiences of the Marine Corps over a period of some seven years and
that of the Air Force for some nine years, at the time this report is writ-
ten, suggest that the variations in administration of questionnaires and
inventories in a civilian setting may be quite different in effect from those
of administration of similar instruments to military personnel in a more
disciplined situation. Reports of difficulties arising from the length
of inventories in both military services have been extremely rare. Two of
our studies tend to support the feasibility of using lengthy questionnaires

in military organizations.

3. Derman, Diran, French, John W., and Harman, Harry H., VERIFICATION OF
SELF-REPORT TEMPERAMENT FACTORS, December, 1974, Technical Report No. 6,
Research Sponsored by Office of Naval Research.
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a. The Attitude Survey on Inventory Length.

As a means of evaluating the attitude of Marine Respondents to-
ward long task inventories, our research staff members developed and ad-
ministered an attitude survey to be used with respondents following their
completion of the long-form inventory booklets.

Because the attitude survey covers reading difficulty and other
items al.well as inventory length, the general discussion of the survey is
included in the section on readability that follows in this chapter. The
format used in the survey may be found in AppendixD . Of the nine questions
used, three questions relevant to inventory length were included:

1. I found it interesting to take.
2, I found it easy to get through.
3. The inventory was too long.

Results of the survey are shown in Table ll, also in the Appendix.
A scale of 1 to 7 ranging from '"strongly agree" to "strongly disagree' was
used. Three OF's were tested: OF(02 (Intelligence Officers), OF 44 (Legal
Services), and OF 57 (Nuclear, Biological, Chemical). For Question 1, the
mean score for all three fields was 2.4, or roughly midway between "agree"
and '"'somewhat agree'. For Question 2, the mean score was 2.1, that is very
close to "agree'. For Question 3, the mean score was 4.1, or close to
"neither agree nor disagree'. The conclusions reached from the survey are

that Marine respondents find the inventory interesting to take, find it easy

to_get through, and are undisturbed by its length.

b. The Effect of Inventory Length Upon Task and Pay Grade

Differentiation.

During the course of our research concerning inventory length, a
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subsidiary hypothesis was formulated and tested: Lengthy inventories
tend to reflect unreliable responses in terms of lack of logical differen-
tiations between Officer and NCO tasks and among NCO's in different pay

grades.
Our research staff members performed a statistical analysis of

task inventories for the three OF's (02, 44, and 57) involving comparison
of response distributions, analysis of variance, and tests of significance
of differences between officers and NCO's and within the NCO groups. Re-
sults disproved the hypothesis. The analyses reflected logical differences
between tasks performed by officers and NCO's. There was some overlap in
the higher NCO pay grades, as would be expected if the data were reliable,
since both officers and senior NCO's are supervisors and not primarily tech-
nicians. Logical differences were also found among NCO's in different pay
grades. NCO's in the middle pay grades were performing tasks appropriate

to their ranks, and lower level enlisted grades were performing more routine
tasks.

2. The Possible Use of Multiple Mini-Length Inventory Booklets.

A review of the literature caused our research staff members to formulate
the following hypothesis: Breaking up lengthy inventories into short mini-
booklets will improve the accuracy and validity of responses.

At the writing of this report, the testing of this hypothesis has not
been completed; as a result the hypothesis has been neither accepted nor
rejected. However, experiments have been made in breaking lengthy inventories
into smaller packages, and it is recommended that OMU proceed with the administra-
tion of the newer mini-booklet inventories.

The purpose of the mini-booklet method is to reduce the total number of
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task statements to which any one Marine has to respond. A promising alter-
native to lengthy inventories was found in an experimental design developed
in a questionnaire study of temperament factors made by Derman, Diran, and
Harman, The problem addressed in this study was how to obtain full coverage
of a total of 400 items in the temperament questionnaire without requiring
all respondents to answer the full set of questions.

In the temperament questionnaire 25 factors comprising 400 items plus
a 20 item ''desirability' scale were distributed among 30 overlapping booklets,
each to be administered to a separate sub-sample of the experimental group
being studied. The experimental design required that items representing five
of the 25 factors be given to each of the 30 samples, while each factor appeared
in six different samples so that comparisons among all factors could be made
on a statistically sound sampling basis.

The basic rationale and purpose of the design was to organize the task
so that respondents will complete an inventory in a reasonable amount of time,
one-half hour to one hour, and still provide reliable data. This goal can
be accomplished in task analysis by creating several inventory booklets for
an OF, with each booklet containing various overlapping groups of tasks.
Appendix A gives technical details of the experimental design and the steps
necessary to develop multiple booklets that meet the objective of full cover-

age of all items when all responses are summed,

D. READABILITY LEVELS OF TASK INVENTORIES VS. THE EDUCATIONAL LEVELS OF
MARINE RESPONDENTS,

1. The Hypothesis Tested. The fourth principal hypothesis to be tested

suggests that: The wording of the task inventory questions frequently does
not match the educational level of the Marine respondent, resulting in a lack

of comprehension of the questions,
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The most extensive studies in this Research Area involved analyses of
the readability of task inventories and measures of reading ability levels
of samples of enlisted Marines at three West Coast Marine bases. Readability
analyses were conducted on the following OF inventories: 02 (Intelligence);
13 (Construction, Equipment, and Shore Party); 2311 (Ammunition Technician);
2335 (Explosive Ordnance Disposal); 33 (Food Service); 41 (Club, Food Service,
Exchange, Base Special Service Officer); 43 (Public Affiars); 46 (Photography);
and 67 (Air Control, Anti-Air Warfare). Reading ability measures of samples
of enlisted Marines were taken at the Marine Corps Air Station, El Toro, at
Camp Pendleton, and at the Marine Corps Recruiting Depot, San Diego.

2., Readability Analysis of Task Inventories. As frequently emphasized,

the task inventory questionnaire is the primary instrument for data gathering
in Marine Corps task analysis. 1t is compiled after task analysts have con-
ducted an extensive investigation into an OF in an effort to identify all pos-
sible tasks a Marine might perform in his billet. Every effort is made to
ensure that no task performed in the OF is left out of the inventory. Unfor-
tunately, completeness of task inclusion does not guarantee that the incumbent
will recognize the tasks he performs when he sees them described on the printed
page. It is considered essential that all task statements be worded to re-
flect the tasks performed so that the incumbent can easily read and understand
them,

It is assumed that that aim is accomplished when the respondent assigns

"meaning to a printed message and completes the act of communication initiated

by the writer". 4

4, Hittleman, Daniel R., Seeking a Psycholinguistic Definition of Readability,
THE READING TEACHER, May, 1973, pp. 783-789.
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Readability research reported in the literature has predominantly
focused on the readability of children's literature. There is little re-
ported material applicable to adults and to instruments such as Task Analysis
inventories. Some work has been done in the areas of readability of interest

He Only one study was found involving an

inventories and vocational tests.
application to job analysis. Ash and Edgell conducted a study to determine
the readability levels of the directions and questions for the Position
Analysis Questionnaire (PAQ).7 Many discrepancies were found between the
reading levels of PAQ respondents and readability measures of PAQ items. As
a means of preventing frustration in attempting to comprehend the test mate-
rial, these authors endeavored to match the readability levels of the tests
to the reading ability of their clients. OMU's task inventories should meet
the same criteria. Task statements and instructions should be written at

a readability level that will match the reading ability of Marines who are
asked to respond to them.

One of the hypotheses in our research was that some Marines, especially
those in lower technology OF's, could not read task inventory questionnaires
with sufficient comprehension to understand them fully. This hypothesis was
tested in three steps. Step one involved measuring the readability of task
inventories. This step sought to determine the level of reading ability neces-
sary to understand items in an inventory. Step two involved measuring the

reading grade level of a representative sample of Marines. This was done by

5. Stefflre, Buford, The Reading Difficulty of Interest Inventories, OOCUPATIONS,
November, 1947, 26 pp. 95-96.

6. Johnson, Ralph H. and Bond, Guy L., Reading Ease of Comonly Used Tests,
JOURNAL OF APPLIED PSYCHOLOGY, 1950, 34, pp. 319-324.

7. Ash, Ronald A., and Edgell, Steven L., A Note on the Readability of the
Position Analysis Questionnaire (PAQ), JOURNAL OF APPLIED PSYCHOLOGY,
1975, 60, pp. 765-766.
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administering the Gates-MacGinitie Reading Test to a sample of Marines at
the three Marine Corps installations mentioned above. Inferences about the
general reading level of Marines were drawn from these samples, The third
step involved asking Marines who had completed task inventories to express
their attitudes toward the questionnaires.

3. The Application of Readability Formulas.

a. The Selection of Formulas to be Tested.

Several readability formulas were applied to measure the difficulty
levels of the task inventories listed above. The use of more than one for-
mula was considered necessary in order to verify the results. Originally,
four of the more commonly used measures were selected: the Dale-Chall Reada-
bility Formula, the Flesch Readability Index, Gunning's FOG Index, and McLaugh-
lin's SMOG Grading. After completing the reading level analysis with these
four formulas, an extended search of the literature was conducted. We were
rewarded by the discovery of a method specifically designed for use with
standardized tests that may have some sections composed of word lists and
other sections with short sentences or statements. This measure is the
Forbes-Cottle Method for Determining Readability of Standardized Tests.
Inasmuch as tasks in task inventories are described by short sentences or
statements, this method was deemed to merit special attention. We applied
it to the nine inventories, and concluded that the Forbes-Cottle is probably

the measure best adapted to determining readability of task inventories.

Finally, because task inventories tend to contain many technical words, the
FORCAST method, which was developed by the research staff at the Human Resources
Research Organization (HummRRO), specifically to measure Army technical job

reading, was applied.
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Each of the measures was applied to the inventories according to the in-
structions prescribed by their developers. Directions given in the task inventory
were segregated from the rest of the inventory so that each of these segments
received individual analysis. The hypéthesis for separately analyzing the in-
structions and task items is that the variations in structure between the two
might result in different levels of reading difficulty.

The sampling scheme utilized was to analyze the instructions in their
entirety, while a sample of every third page of the task statements was conducted
independently by each of two staff members, thereby analyzing two-thirds of the
total task statements. The only exceptions to this sampling technique occurred
when using the SMOG index and the Forbes-Cottle formula. The SMOG index was
applied to a sample of 30 sentences each from instructions and task statements in
accordance with McLaughlin's directions. For the Forbes-Cottle measure, three
samples of 100 words each were taken from both instructions and task statements.
Appendix B contains expanded sampling instructions as well as school grade level
conversion tables for the Dale-Chall, Flesch, and Forbes-Cottle formulas.

B. The Dale-Chall Readability Formula.8

The Dale-Chall Readability Formula is based on average sentence length and on
the percentage of unfamiliar words not on the Dale-Chall list of 3,000 familiar words.

A raw score is computed:

Raw Score = (.0496 x average sentence length) + (.1579 x % of unfamiliar
words) + 3.6365.

This raw score is then converted to school grade level by referring to the table
of scores and school grades. Table 3 shows a comparison of the school grade reading
level for the "instructions" portion of the task inventory as measured by

five of the six formulas studied. A similar analysis (Table 4) was made

8. Dale, Edgar, and Chall, Jeanne S., A Formula for Predicting Readability,
EDUCATIONAL RESEARCH BULLETIN, January 21, 1948, pp. 11-20, 28.




School Grade Level of Task Inventory

As Measured by Five Readability Formulas

Task ' Dale-
Inventoxy Chall

Table .3

INSTRUCTIONS

FOG

SMOG

Flesch

Intelligence

oF 13, 9-10
Construction

OF 2311 7-8
Anmmunition
Technician

OF 2335,
Explosive Ordnance 7-8
Disposal

OF 33, 11-12
Food Service

OF 41, 9-10
Club, Food Service,

Base Special Service
Officer

OF 43, 11-12
“"Public Affairs

OF 46, 9-10
Photography

Air Control,
Anti-Air warfare

Average 9-10

14.46

11.78

12.26

12.26

l6.38

16.39 "

13.04

15.59

11.71

13.78

10

10

11

10

10

10

10

College

College

College

College

College

- College

College

College

College

College

33

Forbes-

Cottle Average
7 10.99
8 11.06
8 10.55
8 10.55
8 12.58
8 11.98
9 11.91
8 11.82
8 11.04
8 11.39



Table 4

School Grade Level of Task Inventory

STATEMENTS

34

As Measured by Five Readability Formulas

Task Dale-
Inventory Chall
OF 02, 16
Intelligence

OF 13 16
Construction

OF 2311, 16
Technician

OF 2335, 16
Explosive Ordnance
Disposal

OF 33, 11-12
Food Service

OF 41, le

Club, Food Service,
Base Special Service
Officer

OF 43, 16
Public Affairs

OF 46, 16
Photography

OF 67, 13-15
Air Control,

Anti-air warfare

Average 15.1-15.

Forbes-
FOG SMOG FLESCH  Cottle Average
11.26 9 College College 12.85
10.66 8.5 College College 12.63
11.43 10 College College 12.49
13.68 10.5 College College 13.68
11.82 9 College College 12.16
17.30 11.5 College 12 14.16
14.02 9.5 College College 13.50
10.71 10 College 12 12.54
9.92 10 cCollege 11 11.98
4 12.31 9.8 College 12.89 12.89
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for the task statement section. Table 3 reveals that the Dale-Chall measure
suggests somewhat higher scores than the Forbes-Cottle index, and is sub-
stantially lower than the FOG, SMOG, and Flesch levels. (Because Flesch
specified "College'" as one level rather than specific years, an arbitrary value
of 14 was as;igned to the "College" level in computing the averages shown in
Tables 3 and 4.) Table 4, on the other hand, shows that the Dale-Chall for-
mula produces the highest reading grade levels of the five formulas when used
to analyze the task inventory statements. The causes of this variability are
discussed in Section 4 below.

¢. The Flesch Readability Index,9

The Flesch Readability Index is based upon average sentence length
and the number of syllables per 100 words. A Reading Ease Score is calculated:

Reading Ease Score = 206.835 - (1,015 x average sentence length) = (.846 x
number of syllables per 100 words)

The Reading Ease Score is converted to school grade level by means of a table
of scores and grade levels. ("College" is arbitrarily scored as "14".)

According to Tables 3 and 4, both for the task inventory instructions
and for the task inventory statements, the Flesch Index results in either the
highest or next to highest grade level.

d. Gunning's FOG Index.lo

Gunning's FOG Index is based upon average sentence length and the
percentage of polysyllabic words. The School Grade Level is computed by
the formula:

School Grade Level = (Average sentence length + % polysyllabic
words x .4)

9. Flesch, Rudolf F., THE ART OF READABLE WRITING, New York: Harper Row
Publisher, 1949,

10. Gunning, Robert, THE TECHNIQUE OF CLEAR WRITING (rev. ed.), New York:
McGraw-Hill Book Co., 1968.



36
Table 3 (for instructions) and Table 4 (for statements) show that
the FOG Index rates instructions at a higher grade level (an average grade
level of 13.78) than for task inventory statements (an average grade level

of 12.31).

11
e. McLaughlin's SMOG Grading.

McLaughlin's SMOG Grading is based upon the number of polysyllabic
words in a 30-sentence sample. The School Grade Level is computed by the

formula:

School Grade Level = Square root of the number of polysyllabic
words in a sample (rounded to nearest per-
fect square) + 3.0.
Tables 3 and 4 place the SMOG Grading school level at approximately

the tenth grade for the task inventory instructions and statements.

f. The Forbes-Cottle Method for Determining Readability of

Standardized Telcs.lz

The Forbes-Cottle Method for Determining Readability of Standardized
Tests is based upon the selection of words in a sample that have a weight of
4 or more in the THORNDIKE JUNIOR CENTURY DICTIONARY. 13 The formula for
computing the Index of Vocabulary Difficulty is:
Index of Vocabulary Difficulty = sum of the weights of the
difficult words ¢ number of
words in the sample .

The indices thus computed are converted into school grade levels by means

of a table of scores.

11. McLaughlin, G. Harry, SMOG Grading - A New Readability for-ula, JOURNAL
OF READING, May, 1969, pp. 639-645.

12, Forbes, Fritz W., and Cottle, William C., A New Method For Determining
Readability of Standardized Tests, THE JOURNAL OF APPLIED PSYCHOLOGY,
Vol, 37, no. 3, 1953, pp. 185-190,

13. Thorndike, E. L., THORNDIKE CENTURY JUNIOR DICTIONARY (rev. ed.) New York:
Scott, Foresman and Company, 1942,
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Table 3 shows that for instructions, the Forbes-Cottle produces

an eighth grade readability level and Table 4, for task inventory statements,
approximately a readability level of that of college freshmen.

g. FORCAST Method for Determining Reading Requirements of
14

Military Occupational Specialties.

The FORCAST Method for Determining Reading Requirements of Military
Occupational Specialties is based upon a count of the number of one-syllable
words in a 150-word passage. The Reading Grade Level is computed by the

formula:

RGL = 20 - number of one-syllable words
10

Table 5 shows that the mean grade level produced by FORCAST is quite close
to the Flesch and Dale-Chall methods with less variability than the latter
two,

4. A Comparison of the Results of Formula Applications.

a. Some Causes of Variability.

Tables 3, 4, and 5 reveal that the various formulas result in con-
siderable variability in the indicated reading grade levels required for
comprehension of the task inventory questionnaires. Research staff members
expressed concern that the user should be aware of the reasons for dis-
crepancies as a help in interpreting these results in relation to the true
level of difficulty,

A recurrent warning in much of the reported readability research

is: '"For one thing, word lists and formulas aren't absolutes -- they don't

14. Caylor, John S. and others, METHODOLOGIES FOR DETERMINING READING RE-
QUIREMENTS OF MILITARY OCCUPATIONAL SPECIALTIES, Technical Report 73-5,
Human Resources Organization, March, 1973.
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Table 5

Cross-Validation of the FORCAST FORMULA: Means and In-
tercorrelations Among Four Indexes of Passage Difficulty
Index INTERCORRELATION — ==
1 2 3 4
1 FORCAST = .98 .95 27T 9.4 2.0
2 Flesch .98 - .94 .78 9.4 4.2
3. pale- .95 .94 = .86 9.5 4.0
Chall
4 Scaled .77 S8 .86 - 10.4 2.2
RGL*
* RGL = Reading Grade Level
SOURCE: John S. Caylor, Thomas D. Sticht, Lynn C. Fox, and

J. Patrick Ford, Methodologies for Determining Reading
Reguirements of Military Occupational Specialties,
HumRRO - Technical Report 73-5. Washington, D.C.:

Human Resources Research Organization, March 1973, 17,

Table 6.
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pretend to be. They are probability statements". 1> Hence grade levels re-

flected by readability formulas are far from perfect measures; in fact

"it is generally accepted that estimates have an error factor of approximately
16

one full grade'.

The tables also reflect considerable variation among the results
obtained fron.the different formulas, This finding is by no means unique to
our studies. Reported research is filled with similar findings of varying
results from the application of different measures of readability. Few
analyses in the literature explain why such variations occur. Only one re-
port specifically addressed itself even briefly to this question. The author
concluded "that differences among ratings by various formulas are probably
not due to sampling errors or the ease or difficulty of the materials tested,
but are rather due to such inaccuracies as are inherent in the formulas them-
selves". i Unfortunately, the author does not go on to explain precisely
what inaccuracies may be causing the variations nor does he come up with a
hypothesis to account for the discrepancies.

Because of the dearth of information about inconsistent results from
application of different measures of readability we calculated composite
(average) indexes and reviewed the rationale of each index in an attempt to
develop a more satisfactory hypothesis of our own.

It appears that much of the discrepancy in estimated reading diffi-

cult levels from different formulas can be attributed to different assumptions

about the factors in readability held by those who have created those indexes.

15. Blair, Allen M., Everything You Always Wanted to Know About Readability
But Were Afraid to Ask, ELEMENTARY ENGLISH, May, 1971, pp. 442-443,

16. Spache, George D., GOOD READING FOR POOR READERS, Champaign, Garrard
Publishing Co., 1970,

17. Klare, George R., Measures of the Readability of Written Communication:
An Evaluation, THE JOURNAL OF EDUCATIONAL PSYCHOLOGY, November, 1952, pp.
385-399.
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These differences are most evident in the Dale-Chall formula, which is
based upon average sentence length and percentage of unfamiliar words (those
not included on the Dale-Chall list of 3,000 familiar words). a8 This formula
places considerable emphasis on "vocabulary load", which is defined by Flesch
as "the stock of words the reader will encounter in a piece of writing". 19

Three of the formulas do not count unfamiliar words. Instead they

use syllable count combined with sentence length as a measure of difficulty.

The Forbes-Cottle method assesses word frequency by use of the weightings

given in Thorndike's Century Junior Dictionary. 20 Flesch contends that

vocabulary load is an unsatisfactory measure of readability because "it is
based on outmoded connectionist theory and has been proved unreliable by a
growing body of research". 21 Flesch prefers to use syllable count and
average sentence length to measure degree of abstractness and difficulty.
Gunning and McLaughlin agree that syllable count is an important factor in
estimating semantic difficulty but have eliminated the need to count every
syllable by substituting a count of words with three or more syllables.
Gunning's FOG index is based upon average sentence length and number of words
with three or more syllables., Words of three or more syllables are considered
to be polysyllabic. McLaughlin's SMOG index is determined by the number of
polysyllabic words in a sample of 30 sentences. Hence it appears that the
developers' theories regarding the factors which contribute to semantic diffi-

culty and their means for measuring those factors may well be the most important

18. Dale, op. cit.

19. Flesch, Rudolf F., A Dissenting Opinion On Readability, ELEMENTARY ENGLISH,
Vol. 26, no. 6, October, 1949, p. 332,

20. See Appendix C for a discussion of the weighting designation used by
Thorndike.

21. Flesch, op. cit., p. 333.
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source of interformula variation,

Each developer specifies unique methods for applying his prin-
ciples, thus contributing to further variation in the results. For some
formulas, very precise rules have been devised to ensure consistent measure-
ment. In others, many of the guidelines leave great leeway for the user's
discretion. The formulas also vary in instructions for handling certain
terms. For example, the figure $1,725 is considered a familiar word by the
Dale-Chall method and therefore does not increase estimated difficulty. That
same figure when evaluated by the Flesch formula, results in a count of 13
syllables (one thou-sand sev-en hun-dred and twen-ty five dol-lars) and can
substantially increase the estimated readability level of a sample of written
material.

One interesting result of our study is the relationship between the
SMOG index and the other formulas -- results from the SMOG (for task inventory
statements) are substantially lower than from the other measures. This re-
lationship 18 exactly the opposite of that reported in most studies. McLaugh-
1in himself states "Comparisons show that SMOG Grades are generally two grades
higher than the corrected Dale-Chall levels, which purport to indicate 'the
grade at which a book or article can be read with understanding' -- a less
severe criterion than the one used here (that of complete comprehension)'. =

An attempt to reconcile our findings with results reported by others
suggests that the sentence fragments which comprise task statements may be
a major factor in the unexpected results. Since the SMOG calculation is based
upon a specified number of sentences rather than a set sample of words, the

very short expressions that are characteristic of task statements in task

22, Mclaughlin, S. Harry, Clearing the SMOG, JOURNAL OF READING,
December, 1969, pp. 210-211.
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analysis inventories yield fewer polysyllabic words per sentence than is
found in other types of writing. This causes a lowered SMOG index. At
the same time, the technical language results in many unfamiliar words that
are not included on the Dale-Chall List, which increases the‘Dale-chall score.
Thus, it appears that the unique procedures of the inventories has caused
rather distinctive scores for the Dale-Chall and SMOG formulas and raises a
question as to whether the Fog and Flesch indices are likewise affected.

b. Recommended Use of the Forbes-Cottle Method.

The issue of technical terms inflating estimated reading difficulty
levels of the task inventories seems to be most effectively bypassed by the
Forbes-Cottle method. The developers of this measure recognize the limita-
tions of other earlier formulas when used with test materials: '"The peculiar
make~up of the reading matter in standardized tests required that only the
vocabulary difficulty factor be used for determining their readability. The
use of such factors as sentence length...was not practical since many of the
tests have sections composed of word lists'. 23

Difficulty level is determined in the Forbes-Cottle method by totaling
the weights of every third word that has a word weight of 4 or more within
the sample. A more realistic approach might be to ignore the weightings of

common military and/or Military Occupational Specialty (MOS) terms. For

example, ""billet'" has a weight of 12 assigned to it by the Thorndike Century

Junior Dictionary, but Marines encounter this word almost daily and probably

would not consider it at all difficult. Eliminating such words from the sample
would lower estimated difficulty levels and result in a more realistic esti-

mate of vocabulary difficulty.

23. Forbes, op. cit.
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Inasmuch as the Forbes-Cottle method was designed specifically for
use with questionnaires and tests, it seems probable that it may more real-
istically measure the actual level of semantic difficulty of task inventories

than do the other formulas. 1t appears to be the most appropriate measure

to use in determining readability of task inventories, and this measure also

offers the most practical approach to gauging the readability level of inven-
tories. In applying the formula, users need to be aware that individual per-
ceptions can influence which words are chosen as being difficult. Professors
Forbes and Cottle discuss the application of the method thus: '"Each word that
'appeared' difficult to the grader was written on a sheet of paper". %
That sentence suggests a high degree of discretion and subjectivity
in selecting the difficult words in each sample., This kind of "open-ended"
approach presents a distinct disadvantage in the use of this method. It
would be all too easy for task analysts to rationalize that a "difficult" word
was one whose definition was unknown to them. Therefore, it is an absolute
prerequisite for the task analysts using this method to come to some agreement

on a common set of criteria to designate what are "difficult" words.

c. The Potential of the FORCAST Method.

While it is the belief of our research staff members that the use
of the Forbes-Cottle method may result in the best measure of school grade
level reading difficulty of task inventory questionnaires, we also believe
that the FORCAST method may provide a useful supplement. The FORCAST method
was developed by the Human Resources Research Organization lp;cifically to
measure readability of Army technical job descriptions. '"Unlike most general-

purpose readability formulas, it was not intended for use with elementary

24. 1bid., p. 189.
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school materials, or with newspapers and magazines, and its applicability to
these is not demonstrated." - Table 5 shows the correlations among this
measure and the others that were discussed in earlier paragraphs. The crea-
tors of FORCAST also recommend its use over the others because of the simpli-

city of its application.

d. Conclusions Concerning the Variability of Results.

As hypothesized, some variation exists between the difficulty
levels of the task statement and the instructions. However, the direction of
the variation is not consistent. One possible explanation (see above)
considers the factors stressed by the formula developers. Instructions are
rated considerably easier than the task statements for the Dale-Chall for-
mula (9-10 grade level for instructions versus College graduate level for
task statements). Since the instructions do not contain a large number of
technical words, fewer are rated "unfamiliar'" and the difficulty level declines.
The FOG and SMOG measures, however, reflect somewhat greater difficulty levels
for instructions. Evidently the increased average sentence length in the
instructions outweighs any reduction in numbers of polysyllabic words.

With full recognition that the inventory structure and vocabulary
tend to highlight weaknesses in the readability formulas, researchers generally
caution against relying too heavily on the figures obtained from readability
studies. It is recognized that "each formula is really applicable only to

26 Since the formulas

the types of reading materials on which it was based".
were developed on a rather limited range of materials, application to other

forms must be considered with some degree of skepticism. For the moment

25. Caylor, op. cit.

26. Caylor, L. S. and others, Measure Readability...With Salt! EDITORIAL
INSTRUCTOR, March, 1975, p. 12.
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only the Forbes-Cottle method seems to offer plausible readability
applications to testing miterial.

Perhaps the most convincing argument against accepting any single
readability score as a dependable positive indication of semantic difficulty
is the lack of precision in identifying factors which influence reading
skills. 'Put simply, reading is complex. There just aren't ways to measure
readability which fully reflect its complexities and subtleties." &7 Factors
such as writer style, reader interest and motivation greatly influence
readability but defy easy measurement.

Unfortunately, because of the many inconsistencies, differences,
and built-in limitetions of the various readability indexes, it is hazardous
to draw precise conclusions about the readability of Task Analysis inventories.
Our findings clearly suggest, however, that their readability levels may be
well above the reading ability of the average Marine. As a result, admini-
stration of such an inventory may not provide reliable information. That
conclusion is supported by our studies of reading ability among Marines.

5. Measuring the Reading Ability of Marines.

a. Use of the Gates-MacGinitie Reading Test.

In the preceding section the necessary reading level required for
an individual to understand successfully the task inventory was discussed.
A number of inventories were found to be written at a level indicating that
completion of education through at least the tenth grade, and in some cases
through the twelfth grade, or high school, would be needed if a Marine were
to read the inventories with adequate understanding.

The purpose of the testing of reading levels of enlisted Marines

27. Spache, George D., GOOD READING FOR POOR READERS, Champaign, Illinois:
Garrard Publishing Company, p. 12, 1970,
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was to determine what proportions of Marines in different pay grades and
different occupational fields (OFs) possess reading abilities that are
adequate to comprehend the inventories they are required to complete.
Results are in the direction that might be expected. The majority of Marines
in the higher pay grades (E6 through E9) have reading comprehension ability
at levels indicating they should be able to read and understand most task
analysis inventories with little difficulty. And Marines in the higher tech-
nology OFs, on the average, reflect higher levels of reading ability than
those who have an MOS in one of the lower technology OFs,

The Gates-MacGinitie Reading Tests (Level D) were administered in
this study. These tests provide objective measures of how rapidly a person
reads, how accurately he reads at that speed, as well as his vocabulary know-
ledge and reading comprehension. As a single measure, the Comprehension Test
provides the best estimate of ability to read complete prose passages with
understanding. This test is regularly used to measure the reading ability
of new recruits at MCRD, San Diego. 1t is also the only reading test that
is administered at the Recruit Depot.

Test results are reported in Tables 6 through 10 in this report in
terms of '"school grade scores'". The range of scores is from elementary school
grade 2.1 through high school grade 11.9 on the Comprehension Test and from
grade 2.0 to 12.0 on the other tests. These are the ranges specified by the
test publisher in the test manual,

Tables 6 and 7 show the reading comprehension levels of the samples
at MCRD, San Diego, and Camp Pendleton, respectively. It is assumed that at
these installations there is a composite of low and high technology OFs.

The reading comprehension grade levels appear to support this expectation
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Table 6

Reading Comprehension of Random Sample of Permanent
Enlisted Staff Personnel Assigned to MCRD, San Diego

Gates-MacGinitie Reading Test, Level D

Distribution by Pay Grade and School Grade Reading Level

E-1

E-2

E-3 E-4 E-5 E-6 E-7 E-8
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11.
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4.
4.
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9
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3
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1

6
2
8
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6
5
3
2
0
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8
7
6
5
5

1
2
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14
4
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1
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N
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1

N=24
8.7

N=25
10.8

N=28 N=22 N=33 N=29 N=32 N=28
10.1 10.4 10.5 11.3 11.2 11.3

Overall Average School Grade Level = 10,6
Total N = 240
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Table 7

Reading Comprehension of Random Sample of Permanent
Enlisted Personnel Assigned to Camp Pendleton

Gates-MacGinitie Reading Test, Level D

School Distribution by Pay Grade and School Grade Reading Level
Grade Level E-1 - E-2  E-3 E-4 E-5  E-6 E-7 -8

11.9+ n 46 28 18 13 2 1
1n.9 1 8 7 1
10.9 4 7 7 2 4

9.9 2 5 4 3

9.3 3 13 5 4

8.7 3 1 1

8.1 1 10 3 1

7.6 1 4 2 2 1
7.2 1 10 2 2

6.8 4 2

6.5 4 4 1 3

6.2 1 3

6.0 3 1 1

5.8 5 1 1

5.6 5 1 1

5.8 1 1 3

5.3 2 2

5.2 3 1

5.0 3

4.9 2 9 1
4.8 2 3 2

4.7 1 1

4.6 2 2 1

4.5 2 1 1

4.4 5 1

4,2

4.1 2

4.0 ' 3

3.9

3.8 2 2 1

3.7

3.5 4

3.4 1

3.3 1

3.2 1 1

3.1 1

3.0 1 1

2.9 1 1

2.7 1

2.6 1

2.5 1

2.4 1

2.3

2.2

2.1 1 ]

N=55 N=173 N=75 N=41 N=23 N=4 N=1 N=0
Average 7.5 8.5 9.7 9.2 10.5 9.2 11.9+

Overall Average School Grade Level = 8.8
Total N = 372
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Reading Comprehension of Random Sample of Permanent
Enlisted Personnel Assigned to MCAS, E1 Toro
Gates-MacGinitie Reading Test, Level D
School Distribution by Pay Grade and School Grade Reading Level
Grade Level E-1 E-2 E-3 c-4 E-5 E-6 E-7 E-8 E-9
11.9+ 9 N 22 13 21 23 21 19 9
11.9 2 3 3 5 4 4 2 4 2
10.9 1 3 2 2 2 1 1 1 1
9.9 1 1 1 6 1
9.3 1 2 1
8.7 1 1 1
8.1 2 1 1
7.6 1 1 1
7.2 1
6.8
6.5 1
6.2 1
6.0
5.8
5.6
5495 1
5.3
52
5.0 1
N=18 N=24 N=30 N=27 N=28 N=28 N=27 N=24 N=14
Average 10.6 10.8 11.6 11.2 1.7 11.9 11.3 11.9 1.8

Overall Average School Grade Level = 11.4
Total N = 220
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since there is a considerable scattering among the lower grades. At MCRD,
San Diego, the low was grade 2.2 and at Camp Pendleton, grade 2.1. At MCAS,
El Toro, on the other hand, the expectation would be to find primarily high
technology OFs. Table 8 appears to confirm this expectation, with the lowest
grade-level recorded being 5.0. Tables 6 through 8 also tend to confirm the
expectation that Marines in the higher pay grades are capable of higher reading
comprehension,

Table 9 appears to indicate that the permanent enlisted Marines
assigned to the more general duties at Camp Pendleton have a lower average
reading comprehension than do those assigned to the more specialized duties
of MCRD, San Diego, and MCAS, El Toro.

Table 10 appears to indicate that Marines recruited from the south
and assigned to the less technical functions of MCRD, San Diego, and Camp
Pendleton, represent a lower average level of reading comprehension than those
recruited from other sections of the continental United States. However,
those presumably in the higher technology OFs of MCAS, El Toro, have comparably
high levels of reading comprehension irrespective of the section of the
U. S. in which they received their schooling.

The data of Tables 6 through 10 indicate that, as was hypothesized,
average levels of reading ability of Marines are not well-matched to the
measured readability levels of task inventory booklets. As a result, data
provided by respondents may be questionable, if not actually erroneous.

This mis-match may generate critical respondent reactions -- including care-
lessness, frustration, and a minimum of enthusiastic cooperation -- among

Marines who are required to complete these inventory booklets.
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b. Other Factors in the Reading Ability of Marines.

In analyzing the data acquired throughout this research, an
attempt was made to pinpoint and determine certain trends that exist in the
reading ability of Marines.

As the Readability section indicated, the inventories give evidence
of requiring a relatively high level of reading ability for full comprehen-
sion. In subsequent discussions with OMU personnel the accuracy of this
conclusion was questioned. Their argument was that a Marine in his OF is
highly conversant with the technical terms in his field because of previous
training and preparation in his area of experience. Nevertheless, it is the

opinion of the research staff that there is a difference between audible

comprehension and that facet of comprehension which results from reading the

printed page.

In an effort to ascertain to some degree the dimensions of the prob-
lem, a test to measure the recognition of technical terms like organoleptic,
sprague unit, viscosity, perimeter, etc. was constructed. Unfortunately,
development of the test was delayed and we were not able to field test it
in time to report any conclusions. However, it is recommended that OMU con-
struct and administer such an instrument. The format of such a '"Term-recog-
nition" instrument is essentially that of a matching test, with the words to
be identified listed and numbered along the left-hand side of the page and
the definitions -- in non-corresponding order -- spelled out on the right-
hand side of the same page. Respondents are asked to match thé terms
with their correct definitions. Numbers of correct identifications
score degrees of respondent recognition of these terms.

On the basis of our studies of the reading ability of Marines and
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readability of inventory instructions and items, it seems very clear that

making task inventories easy to read has to be a matter of high priority for

those who are assigned responsibility for constructing these materials. The

effort that goes into composing a complete list of task items will be wasted
if the intended respondent fails to understand them.

It is important to realize that there is a real problem of low read-
ing ability among the general population of the United States. The trends
prevalent in the civilian population are bound to permeate the rank and file
of military organizations at some juncture in time. In 1966, the Department
of Defense instituted Project 100,000, which allowed 100,000 volunteers who
were not previously qualified for admission to the armed forces to enlist. 8
With this reduction in standards, it appears probable that an increased num-
ber of future recruits will be deficient in basic reading skills.

Faced with this contingency, the Marine Corps has already taken
steps to alleviate this deficiency. A remedial reading program has been es-
tablished at the MCRD in San Diego, California, for recruits who score less
than a grade level of 4.5 on two alternate reading tests. 29 Thus, 4.5 is
the minimum reading level acceptable to the Marine Corps. The Army and Navy
require an ability to read at the 6th grade level, while the Air Force requires
its recruits to read at a level of the 9th grade.

After our staff administered reading tests at three Southern Cali-
fornia Marine Corps bases, it was determined that the average reading level
for the sample of Marines tested was approximately a grade level of 10.6,

with, however, a large degree of variation both above and below that average.

28. Midway Adult School, San Diego, Cal., PHASE 11 PILOT RECRUIT REMEDIAL
READING PROGRAM, FINAL REPORT OF, p. 1.

29. 1Ibid., p. 5.

30. 1Ibid., p. 18,
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6. The Attitude of Marine Respondents to Task Inventory Questionnaires.

Step three in testing the hypothesis that reading level difficulty of the
task inventory questionnaires does not match the reading level ability of the
Marine respondents required an attitude survey to determine precisely how
Marine respondents reacted to the questionnaires. The attitude survey question-
naire as developed by our research staff members has been included as Appen-
dix D.

The occupational fields to which surveys were administered are:

OF 02 (Intelligence-Officers)
OF 44 (Legal Services)
OF 57 (Nuclear, Biological, Chemical)
Survey results and the Ns involved are shown in Table 11,

The attitude survey was constructed by research staff members in an attempt
to obtain first-hand data regarding the attitudes Marines held after completing
the task inventories. It sought to find whether the Marines answering the
inventories would concur with our hypothesis that the instrument was difficult
to read and objectionably long. Unfortunately, the samples obtained were too
small to justify conclusive findings. Because of this constraint, recommenda-
tions based upon the results of the survey would be questionable. Therefore,
we have not attempted to make recommendations. It was unfortunate that the
scheduled inventory administrations for low technology OFs did not coincide
withthe period in which the attitude surveys were conducted. As a result,
it was not possible to survey the reactions of Marines in lower technology
jobs. This was particularly unfortunate in view of the fact that serious
difficulty in comprehending inventory instructions and items is presumably

more common within this segment of the Marine population.
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MEAN SCORES ON THE
ATTITUDE SURVEY

CCCUPATIONAL FIELDS

02 * 44 57
{ INTELLIGENCE, LEGAL NUCLZEAR,
2 SURVEY QUESTIQONS OFFICERS SERVICES BIOLCGICAL,
. CHEMICAL
X X X
l. I found it interesting tof
take. 2.4 2.5 2.2
2. I found it easy to get
through. 1.9 2.0 2.3
3. It was easy to read. ‘
e T 1.8 2ud
4. The inventory was too
long. 4.0 4.2 4.1
5. I was able to find all
the tasks I do. 3e3 32 3.1
6. The words used in the
task statements were the 2.8 2.8 3.0
words I use on the job.
7. The instructions were
easy to follow. 1.8 1.8 1.9
8. I fcund many words 1 ’
didn't know. S48 o 2l
9. I'm glad I had the chancé
to say what I do in my MOS. 2.4 28 2.0
L] &
SCALE DESIGNATION L n=33 I w=118 | 5l S,
l. Strongly Agree 5. Somewhat Disagree
2. Agree 6. Disagree
3. Somewhat Agree 7. Strongly Disagree

4. Ncither Agree no
Disagree
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Nevertheless, we believe the survey to be a convenient device for
sampling opinions regarding the inventory, a check which should be used
regularly by OMU for this purpose.

The attitude survey covered more areas than reading comprehension.
Survey questions 3, 6, 7, and 8 are directly relevant to reading ease and
lengths. These questions had mean scores of 1.7, 2.9, 1.8, and 5.4, respec-
tively. Thus, the Marine respondents agreed that the questionnaires were
easy to read; "somewhat agreed' that the words used in the task statements
were the same as the words used on the job; agreed that the instructions
were easy to follow; and insisted that they did not find many words that
they did not know. These results are those that would be anticipated from
the high technology areas and the high pay grades of the Marines sampled.

7. Recommendations on Improving Task Inventory Statement Readability.

It is imperative that the inventory be as effective and efficient as possible,
with most incumbents responding to it with a minimum of fatigue and frustra-
tion,

An instrument of such importance should be written as clearly as possible.
Review of the literature and research in this area indicates the following
steps as aids to writing that minimize reading difficulty. &

1. Avoid words that are unusual.

2. Avoid long words and '"shop talk".

3. Use concrete rather than abstract words.
4. Avoid technical language.

5. Use forceful and vivid words.

6. Use strong nouns and verbs.

31. Pinnie, Anthony F., Telling It Like It Is, SCHOOL AND COMMUNITY,
January, 1969, p. 32,
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7. Avoid figurative language.

8. Use short, simple sentences.

9., Use short paragraphs.

10. Begin sentences with main idea in main clause.

11. Point out purpose and main theme early.

12, Use active rather than passive voice.

13. Avoid writing slanted toward a particular audience.

14, What does audience know? What do they need to know?
How can I best tell them?

15. When I said what I had to say, did I stop?

These fifteen guidelines serve as an introduction to the type of steps
to take to produce clearer writing. Another important suggestion is to keep
the intended audience firmly in mind when preparing the wording of task items.
Put another way, 'vwriters must have vocabularies and ideas in common with

their audience". 32

Keeping technical language to a minimum will also help to lower reading
level, however, some technical terms may also be familiar terms for many in-
cumbents, so it is best left to the discretion of the task analysts to deter-
mine the acceptability of technical terms. For this purpose, it may be desir-
able to offer the list of task items to Marines randomly selected from the OF
under study to enlist their opinion as to whether the terms are the actual
words used for the task out in the field.

The inventory constructor has a tough job on his hands. He has the
responsibility of seeing to it that task items are accurate and stated in

familiar terms that suggest plain talk, An observing human factors engineer

32, Dale, Edgar and Hager, Hilda, How to Write to be Understood, EDUCATIONAL
RESEARCH BULLETIN, November, 1948, pp. 207-216.
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had the following to say about profound and technical language. ''There's
a curious superstition prevalent about technical writing. Many people
believe that difficult or obscure writing is the mark of a learned man,
In actual fact the reverse is true. Anyone can be obscure and incoherent.
This takes no effort whatsoever. But, to write technical material simply --
that takes real skill!" -

This should serve as warning to the task item writer to scrutinize the
manner in which tasks are stated. The more familiar the writer is with the
subject, the more capable he will be in describing the tasks as simply as
possible.

All this has served as a general introduction to writing at a lower
reading level, but the task inventory constructor has a more specialized
requirement. Murphy discusses what can be done to prepare task statements
with a more acceptable reading level and presents a set of rules that are
listed below: 34

A. Objective rules
1. Reduce total word value per task statement,
2. Reduce average word value per task statement.
3. Reduce the number of syllables per word.
4., Reduce the number of syllables per task statement.
5. Use double conjunction "and/or' to replace the conjunction
"and" when a task statement is composed of parts which may

be performed independently. o

33. Chapa.:iis, Alphonse, Words. Words., Words., HUMAN FACTORS. February,
1965. p. 4.

34, Murphy, Walter F., THE APPLICATION OF READABILITY PRINCIPLES TO THE
WRITING OF TASK STATEMENTS: EFFECTS ON READABILITY OF JOB INCUMBENT
RESPONSES, Unpublished Ph.D. thesis, Purdue University, 1966, pp. 58-59.

35. While Murphy recommends the '"and/or" form, the Technical Procedures Guide
(op. cit., p. 22) advises against such use.
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6. Do not use technical terminology where the range of
incumbents' experience may vary greatly.

7. Have all revritten statements reviewed by job experts
for proper interpretation and meaning.

B. Subjective rules

8. Wording of a task should not be so specific as to include
the recipient of work performed.

9., Task statements which appear to be very general should be
revritten in a manner which confines the task to the total
job context.

The following examples illustrate how the rules are applied.
Rule 1. Reduce total word value per task statement.
Original. Develop cost and pricing required to establish and
effect procurement support. Total word value 38.
Rewritten. Develop procurement cost and pricing policies,.
Total word value 29,
Rule 2. Reduce average word value per statement.
Original. Supervise the application of equitable and uniform
pricing policies among contractors. Average word
value 4,36,
Rewritten. Supervise the application of fair and equal contract
pricing policies. Average word value 2.6.
Rule 3. Reduce the number of syllables per word.
Both examples cited above also demonstrate this requirement.
Rule 4. Reduce the number of syllables per task statement.

Both examples cited above also demonstrate this requirement.
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Rule 5. Use double conjunction "and/or'" to replace '"and" when
a task is composed of parts which may be performed
independently.

Original. Review complaints and action requests submitted
by subordinate units.

Rewritten. Review complaints and/or requests for action
from lower level units.

Rule 6. Do not use technical terminology where the range of
incumbents' experience may vary greatly.

Original. Conduct contract redeterminations.

Rewritten. Conduct meetings and/or reviews to change contract
requirements,

Rule 7. Wording a task should not be so specific as to include
the recipient of the work performed.

Original. Prepare reports on all litigation involving the
contractor for the Office of the Judge Advocate
General.

Rewritten. Prepare reports on legal disputes involving contractors.

Rule 8. Task statements which appear to be very general should be
rewritten in a manner which confines the task to the total
job.

Original. Conduct surveys of industrial production methods.
(Note: It would be a rare individug]l who could do
this without assistance. It is more probable that
one may preside as chairman or assist as a member of

a group in doing this.)
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Rewritten. Conduct or assist in reviews of production
methods used in industry.

At best, the rewording of noun phrases is a difficult task. For-
tunately, the verb portion of the task item is more amenable to substi-
tution. Sources of substitutes for verbs may be found in an established
thesaurus like Roget's or in an Activity Verb List, as well as the Glossary

of Action Verbs Used in Naval Occupational Analysis.

There is significant value in using an Activity Verb List. It defines
verbs so that they delineate significant distinctions among actions or acti-
vities. 'With the activity verb list at hand, the analyst has before him

ol (See APPENDIX F,)

a standardized, classified, and indexed vocabulary.
In writing task items the constructor should be careful to choose verbs
that convey the precise action he intends to describe. The word "assist"

may be used as an example. In the American Heritage Dictionary it is defined
37

as "an act of giving aid". The fuller definition in the Activity Verb
List is '"to give support or aid especially in some undertaking or effort:
aid". The fuller definition provided in the List will help the constructor
to give a precise description of the task. The arrangement of the List is
also valuable in that there are sub-groups of words similiar to the main
heading. '"Assist' would be found under the main heading of Serving, with

subdivisions of assist, attend, and supply. Such distinct demarcation of

duties performed could aid the respondent to recognize his tasks clearly.

36. Stone, C. Harold, and Yoder, Dale, JOB ANALYSIS, 1970, (Ibid.).

37. Davies, Peter, ed., AMERICAN HERITAGE DICTIONARY, New York: Dell Pub-
lishing Company, Inc., 1973.
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CONCLUSIONS AND RECOMMENDATIONS

This report describes research designed to evaluate task analysis
inventories as OMU's principal source of basic data in the OMU Task Analysis
program. The major questions raised by the research staff were:

(1) What are the major strengths and limitations of these inventories
as they have been developed and used to play a key role in the Task Analysis
procedure?

(2) How can their effectiveness and contribution -- and the quality
of the data they provide -- be improved?

For answers to these questions, research staff members directed their
attention to the characteristics of the questionnaires or booklets with which
OMU solicits and collects responses that identify in detail what Marines in
the OFs under study actually do in performing their day-by-day assignments.
A careful review of current practices and of the literature published by
the Marine Corps and other defense agencies revealed the existence of a
number of problem areas. Intensive search for possible solutions and improve-
ments in existing practice has appeared to justify a number of conclusions.
The resulting recommendations for improvement which are presented in this
report should, if adopted, markedly increase the effectiveness and contri-
bution of the task inventory questionnaire in OMU's Task Analysis program.

Research staff members used a wide variety of research techniques to
explore problem areas and to discover and formulate potentially promising
changes. In addition to the critical review of existing practices and the

study of current relevant literature, techniques include the administration

63
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of both standardized and specially developed tests in the field, and
statistical analysis of significant variables.
The following is a concise summary of the major problem areas,
research findings and results, and recommendations for future practice.

Task Statement Collection. A first step in the construction of the task

inventory questionnaire is collection of task statements. The objective is
to develop a bank of statements so broad and inclusive that it covers all
tasks performed in the OF under study. The number of statements in each
questionnaire has ranged from a minimum of 200 to a maximum of 1,000, with
an absolute limit of 2,000 based upon the capacity of the computer program
(CODAP) used for analysis of inventory responses.

The basic method of discovering tasks to be included in a task inventory
is the observation and interview method. This method is effective but it
is also time-consuming and costly. It requires a task analysis team to visit
areas wherever the work is performed, to observe the performance of Marines
in their assigned duties, and to interview OF members concerning their
activities. This process typically results in a long and inclusive list
of task statements.

Research staff members suspected that task statements could be collected
without expending the large amount of time and money involved in transporting
task analysis teams to all of the work areas under study. As a result of our
research, OMU developed a procedure which is called ''Document Research' method.
Task statements are derived by studying existing publications and other docu-
ments, such as training manuals, service school textbooks, manufacturers'
instruction sheets, etc. These are reviewed with 'experts' in the OF and are
then validated and supplemented by the d&I method., This preliminary prepa-

ration of statements greatly speeded up the 0&I process and saved time and costs.
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We have concluded that the best method for obtaining accurate and complete
data for building a task inventory appears to be: (1) thorough review of all
available background data in written materials describing duties in an OF,
supplemented by interviews with "experts', (2) preparing preliminary task
statements based upon this information, and (3) conducting observation and
interview visits to field installations to validate or correct these items
and to search out tasks not revealed in preliminary reviews.

Question and Answer Booklets. After a task inventory questionnaire is

constructed, it must be administered to Marine respondents who provide the
required answers. The physical means used to record the answers has an
influence on the accuracy and dependability of these responses.

At the time the study began, a two-booklet format was in use. One
booklet contained the task statements, and the second booklet provided spaces
for the answers, which consisted of marks to be read by an optical scanner
as input to the computer. Two problems resulted from this format. First,
the transfer of the Marine's attention from the statement booklet to the
answer booklet introduced inaccuracies in the responses. Second, the
respondent tended to make irrelevant marks in the answer booklets, marks
which could be read as responses by the optical scanner. As long as the two-
booklet format was used, little could be done about the first problem. To
resolve the second problem, the task analysis team had to erase all irrele-
vant marks -- a time-consuming, costly process.

The OiU staff investigated a variety of possible booklet formats, and
recommended t.e adoption (a recommentation with which we concurred) of the
Westinghouse W2300 optical scanning system. This recommendation was not
implemented because of the high capital cost of the necessary new equipment,

OMU then developed a single-booklet format wherein the response space is
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located alongside the task statement. Responses are then transferred to
computer storage by the key-to-disk method, This revision has been used
and has proved to not only be highly satisfactory, but it has saved time
and money and has improved accuracy in both the marking by respondents
and in processing the data.

Task Statement Sequencing. Analysis has indicated that the sequencing

of the task statements in the task inventory questionnaire can influence

the validity of responses -- that is, the answer to one statement may influ-
ence the answer to another statement if the two statements are presented
near each other.

A variety of sequencing arrangements has been used, including complete
randomization, organization by duty areas, and alphabetical listing of tasks,
As a desirable substitute, we developed and recommend a sequencing
procedure in which the OFs under study are categorized as to being hardware
or software and specialized or generalized. Complex OFs may require items
in all four categories. Within each category, task statements are arran ed
in a randomized order. At the time of this report, the method has not been

field tes+ed, but further experimentation is recommended.

Task Inventory Length., In order to cover each entire OF, from 200 to

1,000 task statements have been prepared. Such a lengthy questionnaire may
require from three to four hours response time. Authorities on the subject
have found that resnonse time on comparable questionnaires should usually be
limited to from one-half hour to one hour., Longer response times, they have
found, result in inaccuracies traceable to fatigue and boredom.

The research staff has investigated and recormmended a technique whereby
such a long inventory can be broken up into a number of mini-booklets. Each
rnini-booklet contains an equal portion of the total questionnaire and all

sections include overlapping task statements. The effect of the overlap is
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to permit all responses to be summed and then subjected to standard sta-
tistical analyses. Thus each Marine respondent answers one mini-booklet,
while the entire set of booklets is administered to the total group of
Marines.

Identification of Respondents. Part IV of the task inventory question-

naire deals with job satisfaction/dissatisfaction. Because many of the
questions pertain to relations with supervisors and co-workers, it was
hypothesized that the Marine's knowledge that he could be personally iden-
tified with his responses could result in guarded, invalid responses.

At our request, a questionnaire was administered to two groups of
Marines completing inventories, one group being required to fill-in identi-
fying information, and the other group remaining anonymous. Analysis dis-
closed no significant difference between the two sets of responses for any
of the questions that research staff members considered to be most likely to
be subject tro bias., We therefore recommend that Marine respondents continue
to fill-in the identifying information.

Reading Ability vs. Readability, No matter how complete a task inven-

tory questionnaire is, responses will be of dubious dependability if Marine
respondents cannot read and understand the task statements with full compre-
hension. It was decided, therefore, to measure both the reading ability of
Marine respondents and the reading-level required by task statements and
instructions., 1f the reading-level required by the questionnaire is above
the reading ability of the respondents, responses are of doubtful value.

We administered the Gates-MacGinitie Reading Test to three samples of
Marines. Individual reading abilities ranged from school grade 2.1 through

12, These samples indicated that in the higher technology OFs and in the
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higher pay grades, reading levels tended to be at the upper end of the school
grade scale.

Measurement of the readability of questionnaires turned out to be more
complex. Unfortunately, results from the application of several scales
proved to be inconsistent both as among the various tests and within a single
test when applied separately to questionnaire instructions and task state-
ments. Research staff members selected the Forbes-Cottle Method for Deter-
mining Readability of Standardized Tests as being the most appropriate for
testing task inventory questionnaires. Application of the Forbes-Cottle
method revealed that the reading level required for these questionnaires
ranged from the 10th to 12th grades.

1f these measures are accepted, then clearly Marine respondents whose
reading levels are below grade 10 would have difficulty in understanding the
questionnaires.

As a means of inproving the readability of questionnaires, two recommen-
dations are included in this report. First, a set of rules for the improved
wording of task statements is included in the body of the report. Second,
an activity verb list for use in preparing items is included in Appendix F,.

Attitudes of Marine Respondents. Concern was expressed that Marine

respondents may develop a negative attitude toward answering the task inven-
tory questionnaires because of their length or difficulty. To ascertain the
attitudes of respondents, research staff members devised and administered an
attitude survey to several groups of respondents., There was little evidence
from that survey that supports the hypothesis that respondents actually de-
velop negative attitudes. Research staff members conclude that adoption of

the recommendations outlined in this report will further improve the attitudes
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of respondents. Nevertheless, hazards are so significant that we recommend
that OMU use such an attitude survey regularly to detect the emergence of
negative or unfavorable reactions among respondents.

Supplementary Aids Included. The text of this report is supplemented

by an annotated bibliography on the measurement of readability as well as
by a more extensive general bibliography relevant to the broader range of
questions raised throughout the entire research area covered by this report.

As another potentially helpful addition to the test, a series of six
appendices details instructions for preparing mini-booklets, specifies the
basic formulas underlying each of the six readability indexes discussed in
the text, explains the Thorndike system of establishing word-frequency weights,
tabulates the attitudes expressed by Marine respondents after their comple-
tion of traditional task inventory booklets, and provides two word lists,

(1) the Dale list of familiar words, and (2) an activity verb list.
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Flesch, Rudolf, HOW TO BE BRIEF: AN INDEX TO SIMPLE WRITING,
New York: Harper & Row Publishers, 1962.

The author presents an extensive listing of words which
are difficult or over-used and suggests possible alter-
natives to these words.

Forbes, Fritz W. and Cottle, William C., A New Method for
Determining Readability of Standardized Tests, THE JOURNAL
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